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PARTICLE SIZE DISTRIBUTION OF SOIL/ROCK SAMPLES

1.0 PURPOSE
This procedure describes methods of determining the size distribution of soil and aggregate
samples using sieve analysis for fine and coarse aggregates, and using sedimentation process
for particle-size soils of less than 75 um.
2.0 SCOPE

2.1 Applicability

This procedure will be used by field team members working for the Environmental
Restoration Program who wish to determine a soil's particle or aggregate size distribution.

2.2 Training

All field team members using this procedure must document that they have both read and
understand this procedure and the procedures in Section 1.0, General Instructions.

3.0 DEFINITIONS
There are no unique definitions in this procedure.
4.0 BACKGROUND AND/OR CAUTIONS

Refer to the following attached ASTMs and to the Site Health and Safety plan for hazards and/or
cautions.

5.0 EQUIPMENT

Refer to the following attached ASTMs.

6.0 PROCEDURE

Two ASTM procedures are included: In general Method C 136-84a (Attachment A) can be used
for material that is larger than a No. 200 sieve (75-um), and Method D422-63 (Attachment B)
should be used for material finer than the 75 um sieve. Refer to the ASTM methods for exact

descriptions and specifications.

Refer to the following attached ASTMs for instructions.
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7.0 REFERENCES

The following procedures are directly associated with this procedure and should be reviewed
before field operations:

ASTM STANDARD C 136-84a. 1984. Standard Method for Sieve Analysis of Fine and Coarse
Aggregates.

ASTM STANDARD D 422-63. 1963. Standard Method for Particle-Size Analysis of Soils.
LANL-ER-SOPs in Section 1.0, General Instructions.
8.0 RECORDS

A Chain-of-Custody/Request for Analysis form (SOP-01.04) will be maintained and will
document the following information:

» Field Sample Number/Identification
« Date and time collected
«  Matrix (soil, sludge, core, sediment)
«  Analysis requested, if applicable
The laboratory will report the following:
»  Test method used
*  All calculations and results
»  Any deviations, if applicable
9.0 ATTACHMENTS

A. ASTM STANDARD C 136-84a. 1984. Standard Method for Sieve Analysis of Fine and
Coarse Aggregates.

B. ASTM STANDARD D 422-63. 1963. Standard Method for Particle-Size Analysis of Sails.
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ASTM STANDARD C 136-84a STANDARD METHOD
FOR SIEVE ANALYSIS OF FINE AND COARSE AGGREGATES

qgn’ Designation: C 136 - 84a

Standard Method for

Sieve Analysis of Fine and Coarse Aggregates'

This standard is issued under the fixed designanon C 136: the number immediately following the designation indicates the year of
onginal adopuion or. in the case of revision. the vear of last revision. A number in parentheses indicates the year of last reapproval. A
superscript epsilon (¢} indicates an editonal change since the last revision or reapprovai.

Thts method has been approved for use by agencies of the Department of Defense and for iisting in the DoD Index of Specifications and

Standards

1. Scope

1.1 This method covers the determination of the particle
size distribution of fine and coarse aggregates by sieving.

1.2 Some specifications for aggregates which reference this
method contain grading requirements including both coarse
and fine fractions. Instructions are included for sieve analysis
of such aggregates.

1.3 The values stated in acceptable metric units (SI units
and units specifically approved in ASTM E 380 for use with
SI units) are to be regarded as the standard. The values in
parentheses are provided for information purposes only.

1.4 This standard may involve hazardous materials, oper-
ations. and equipment. This standard does not purport to
address all of the safety problems associated with its use. It is
the responsibility of whoever uses this standard to consult and
establish appropriate safety and health practices and deter-
mine the applicability of regulatory limitations prior to use.

2. Referenced Documents

2.1 ASTM Siandards:

C 117 Test Method for Materials Finer Than 75-um (No.
200) Sieve in Mineral Aggregates by Washing?

C 670 Practice for Preparing Precision and Bias State-
ments for Test Methods for Construction Materials®

C 702 Practice for Reducing Field Samples of Aggregate to
Testing Size®

D 75 Practice for Sampling Aggregates®

E 11 Specification for Wire-Cloth Sieves for Testing Pur-
poses

E 380 Metric Practice®

2.2 AASHTO Standard:

AASHTO No. T 27 Sieve Analysis of Fine and Coarse

Aggregates®

3. Summary of Method

3.1 A weighed sample of dry aggregate is separated
through a series of sieves of progressively smaller openings

! This method 1s under the junsdi of ASTM C C-9 on Concrete
and Concrete Aggregates and 1s the direct v of Subc
C09 03.05 on Methods of Testing and Specifications for Physical Charactenstics of
Concrete Aggregates.

Current ediuon approved Oct. 26. 1984. Published December 1984. Onginally
published as C 136 - 38 T. Last previous edition C 136 - 83.

* Annual Book of ASTM Standards. Vols 04.02 and 04.03.

Y Annual Book of ASTM Siandards. Vol 04.02.

4 Annual Book of ASTM Siandards. Vol 14.02. Excerpts in all volumes.

* 4nnuai Book of ASTM Standards. Vol 14.02.

¢ available from Amencan Association of State Highway and Transportauon
Officials. 444 North Capitol St. N.W., Suite 225, Washington, DC 20001.

i
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for determination of particle size distributfon.

4. Significance and Use

4.1 This method is used primarily to determine the
grading of materials proposed for use as aggregates or being
used as aggregates. The results are used to determine compii-
ance of the particle size distribution with applicable specifi-
cation requirements and to provide necessary data for con-
trol of the production of various aggregate products and
mixtures containing aggregates. The data may also be useful
in developing relationships concerning porosity and packing.

4.2 Accurate determination of material finer than the
75-um (No. 200) sieve cannot be achieved by use of this
method alone. Test Method C 117 for material finer than
75-um sieve by washing should be empioyed.

5. Apparatus

5.1 Balances—Balances or scales used in testing fine and
coarse aggregate shall have readability and accuracy as fol-
lows:

S5.1.1 For fine aggregate, readable t0 0.1 g and accurate to
0.1 g or 0.1 % of the test load, whichever is greater, at any
point within the range of use.

5.1.2 For coarse aggregate, or mixtures of fine and coarse
aggregate, readable and accurate to 0.5 g or 0.1 % of the test
load, whichever is greater, at any point within the range of
use.

5.2 Sieves—The sieves shall be mounted on substantial
frames constructed in a manner that will prevent loss of
material duning sieving. The sieves shall conform to Specifi-
cation E 11. Sieves with openings larger than 125 mm (5 in.)
shall have a permissible vanation in average opening of
+2 % and shall have a nominal wire diameter of 8.0 mm
(5/16 in.) or larger.

NOTE |—It is recommended that sieves mounted in frames larger
than standard 203-mm (8 in.) diameter frames be used for testing coarse
aggregate.

5.3 Mechanical Sieve Shaker—A mechanical sieve
shaker, if used, shall impart a vertical, or lateral and vertical.
motion to the sieve, causing the particles thereon to bounce
and turn so as to present different orientations to the sieving
surface. The sieving action shall be such that the criterion for
adequacy of sieving described in 7.4 is met in a reasonable
time period.

NoTe 2—Use of a mechanical sieve shaker is recommended when
the size of the sample 1s 20 kg or greater, and may be used for smaller
sampies. including fine aggregate. Excessive ime (more than approxi-
mately 10 min) to achieve adeguate sieving may result in degradation of
the sample. The same mechanical sieve shaker may not be practical for

August 26, 1991
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ol e of samples, since the large sieving area needed for practical
w1 of a large nominal size coarse aggregate very likely could result in
’:) & of & poruon of the sample if used for a small sample of coarse
‘J w“‘“‘ or fine aggregate.

5.4 Oven—An oven of appropriate size capable of main-
\ning 3 uniform temperature of 110 + 5°C (230 + 9°F).

¢, Sampling

6.1 Sample the aggregate in accordance with Practice
p 7. The weight of the field sample shall be the weight
snown in Practice D 75 or four umes the weight required in
0.4 and 6.5 (except as modified in 6.6). whichever is greater.

6.2 Thoroughly mix the sample and reduce it to an
ymount suitable for testing using the applicable procedures
Jescribed in Methods C 702. The sample for test shall be
approximately of the weight desired when dry and shall be
the end resuit of the reduction. Reduction to an exact
predetermined weight shall not be permitted.

NOTE 3—Where sieve analysis, including determination of matenal
finer than the 75-um sieve, is the only tesung proposed. the size of the
ample may be reduced in the field to avaid shipping excessive
gquantties of extra matenal to the laboratory.

6.3 Fine ggregate—The test sample of fine aggregate
shall weigh, after drying, approximately the following
amount: _
aggregate with at least 95 % passing a 2.36-mm (No. 8) sieve
sggregate with at least 85 % passing a 4.75-mm (No. 4) sieve

and more than 5§ % retained on a 2.36-mm (No. 8) sieve

6.4 Coarse 4ggregate—The weight of the test sample of
coarse aggregate shall conform with the following:

Minimum Weight
of Test Sampie. kg {Ib)

100 g
500 g

Nominal Maximum Size.
Square Openings. mm (in.)

by Test Method C 117 and this method. First test the sample
in accordance with Test Method C |17 through the final
drying operation. then drv sieve the sample as stipulated in
7.2 through 7.7 of this method.

6.7.2 For aggregates with a nominal maximum size
greater than 12.5 mm (1/2 in.), a single test sampie may be
used as described in 6.7.1, or separate test samples mav be
used for Test Method C 117 and this method.

6.7.3 Where the specifications require determination of
the total amount of material finer than the 75-um sieve by
washing and dry sieving, use the procedure described in
6.7.1.

7. Procedure

7.1 Dry the sample to constant weight at a temperature of
110 £ 5°C (230 = 9°F).

NOTE 4—For control purposes. particularty where rapid results are
desired, 1t 1s generally not necessary to dry coarse aggregate for the sieve
analysis test. The results are little affected by the moisture content
unless: (/) the nominal maximum size s smaller than about 12.5 mm
(Y2 1n.), (2) the coarse aggregate contains appreciabie matenal finer than
4.75 mm (No. 4); or (3) the coarse aggregate 1s highly absorptive ta
lightweight aggregate. for example). Also. samples may be dned at the
higher temperatures associated with the use of hot piates without
affecting results, provided steam escapes without generating pressures
sufficient to fracture the particles. and temperatures are not so great as to
cause chemical breakdown of the aggregate.

7.2 Suitable sieve sizes shall be selected to furnish the
information required by the specifications covering the
material to be tested. The use of additional sieves may be
desirable to provide other information. such as fineness
modulus, or to regulate the amount of matenal on a sieve.
Nest the sieves in order of decreasing size of opening from
top to bottom and place the sample on the top sieve. Agitate

lggml é:i: the sieves by hand or by mechanical apparatus for a
19.0 (%) s(11) sufficient period, established by trial or checked by measure-
25.0(h 1022 ment on the actual test sample, to meet the cnterion for
gg‘fz‘)"/” ;3 :3: adequacy or sieving described in 7.4.

63 (2v2) 350N 7.3 Limit the quantity of material on a given sieve so that
7543) 60 (130) all particles have opportunity to reach sieve openings a
133;/” :ggggg; number of times during the sieving operation. For sieves
(12 (412) 200 (440) with openings smaller than 4.75-mm (No. 4), the weight
125 (5) 300 (660) retained on any sieve at the completion of the sieving
150 (6) 500 (1100) operation shall not exceed 6 kg/m® (4 g/in.%) of sieving

6.5 Coarse and Fine Aggregate Mixtures—The weight of
the test sample of coarse and fine aggregate mixtures shall be
the same as for coarse aggregate in 6.4.

6.6 The size of sample required for aggregates with large
nominal maximum size is such as to preclude testing except
with large mechanical sieve shakers. However, the intent of
this method will be satisfied for samples of aggregate larger
than 50 mm nominal maximum size if a smaller weight of
sample is used, provided that the criterion for acceptance or
rejection of the material is based on the average of results of
several samples, such that the sample size used times the
number of samples averaged equals the minimum weight of
sample shown in 6.4.

6.7 In the event that the amount of material finer than the
7544m (No. 200) sieve is to be determined by Test Method
C 117, proceed as follows:

6.7.1 For aggregates with a nominal maximum size of
12.5 mm (1/2 in.) or less, use the same test sample for testing

7

surface. For sieves with openings 4.75 mm (No. 4) and
larger. the weight in kg/m? of sieving surface shall not exceed
the product of 2.5 X (sieve opening in mm). [n no case shall
the weight be so great as to cause permanent deformation of
the sieve cloth.

Note S—The 6 kg/m* amounts to 194 g for the usual 203-mm (8
in.) diameter sieve. The amount of material retained on a sieve may be
regulated by (/) the introduction of a sieve with larger openings
immediately above the given sieve or (2) testing the sampie in a number
of increments.

7.4 Continue sieving for a sufficient period and in such
manner that, after completion, not more than 1 weight % of
the residue on any individual sieve will pass that sieve duning
1 min of continuous hand sieving performed as follows:
Hold the individual sieve, provided with a snug-fitting pan
and cover, in a slightly inclined position in one hand. Strike
the side of the sieve sharply and with an upward motion
against the heel of the other hand at the rate of about 150

August 26, 1991
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times per minute, turn the sieve about one sixth of a
revolution at intervals of about 25 strokes. In determining
sufficiency of sieving for sizes larger than the 4.75-mm (No.
4) sieve, limit the material on the sieve to a single layer of
particles. If the size of the mounted testing sieves makes the
described sieving motion impractical, use 203-mm (8 in.)
diameter sieves to venfy the sufficiency of sieving,

7.5 In the case of coarse and fine aggregate mixtures, the
portion of the sample finer than the 4.75-mm (No. 4) sieve
may be distributed among two or more sets of sieves to
prevent overioading of individual sieves.

7.5.1 Alternatively, the portion finer than the 4.75-mm
(No. 4) sieve may be reduced in size using a mechanical
splitter according to Methods C 702. If this procedure is
followed, compute the weight of each size increment of the
original sample as follows:

Wl
A=——XB

-

where:
4 = weight of size increment on total sample basis.
W, = weight of fraction finer than 4.75-mm (No. 4) sieve in
total sample,
W, = weight of reduced portion of matenal finer than
4.75-mm (No. 4) sieve actually sieved, and

= weight of size increment in reduced portion sieved.
7.6 Unless a mechanical sieve shaker is used, hand sieve
particles larger than 75 mm (3 in.) by determining the
smallest sieve opening through which each particle will pass.
Start the test on the smallest sieve to be used. Rotate the
particles. if necessary, in order to determine whether they
will pass through a particular opening. however, do not force
particles to pass through an opening.

7.7 Determine the weight of each size increment by
weighing on a scale or balance conforming to the require-
ments specified in 5.1 to the nearest 0.1 % of the total
original dry sample weight. The total weight of the material
after sieving should check closely with original weight of
sampie placed on the sieves. If the amounts differ by more
than 0.3 %. based on the original dry sample weight, the
results should not be used for acceptance purposes.

7.8 If the sample has previously been tested by Test
Method C 117, add the weight finer than the 75-um (No.
200) sieve determined by that method to the weight passing
the 75-um (No. 200) sieve by dry sieving of the same sample
in this method.

B

8. Calculation
8.1 Calculate percentages passing, total percentages re-

78

tained. or percentages in various size fractions to the nearest
0.1 % on the basis of the total weight of the initial dry
sample. If the same test sample was first tested by Test
Method C 117, include the weight of matenal finer than the
75-um (No. 200) size by washing in the sieve analysis calcu-
lation: and use the total dry sample weight prior to washing
in Test Method C 117 as the basis for calculating all the
percentages.

8.2 Calculate the fineness modulus, when required. by
adding the total percentages of matenal in the sample that is
coarser than each of the following sieves (cumulative per-
centages retained), and dividing the sum by 100: [50-um
(No. 100), 300-um (No. 50), 600-um (No. 30), 1.18-mm
(No. 16), 2.36-mm (No. 8), 4.75-mm (No. 4), 9.5-mm
(3/8-in.), 19.0-mm (3/4-in.), 37.5-mm (1Yz-i11.). and larger,
increasing in the ratioof 2 to 1.

9. Report

9.1 Depending upon the form of the specifications for use
of the matenal under test, the report shall include the
following:

9.1.1 Total percentage of matenal passing each sieve. or

9.1.2 Total percentage of material retained on each sieve,
or

9.1.3 Percentage of material retained between consecutive
sieves.

9.2 Report percentages to the nearest whole number.
except if the percentage passing the 75-um (No. 200) sieve 15
less than 10 %, it shail be reported to the nearest 0.1 %.

9.3 Report the fineness modulus, when required, to the
nearest 0.01.

10. Precision

10.1 The estimates of precision of this method listed in
Table | are based on resuits from the AASHTO Matenais
Reference Laboratory Reference Sampie Program. with
testing conducted by this method and AASHTO Method
T 27. While there are differences in the minimum weight of
the test sample required for other nominal maximum sizes of
aggregate, no differences entered into the testing to affect the
determination of these precision indices. The data are based
on the analyses of more than 100 paired test results from 40
to 100 laboratories. The values in the tabie are given for
different ranges of percentage of aggregate passing one sieve
and retained on the next finer sieve.

August 26, 1991
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TABLE 1 Precision
% of Size Fraction Coetficient of Standard Acceptable Range ot Test Results
Between Consecutive Vanation Oevianon (025 %)*
Sieves 15 %). %@ (18). %4 % of Avg. (02s).4 %
Coarse Aggregates: ©
Singie-Operator Ot3 300 . 85° .
Precision 3010 140 40°
101020 - 0.95 27
20 to 50 1.38 39
Multiiaboratory 0to3 35° 99°
Precision 3010 1.06 3.0
10 t0 20 166 47
20 to 30 2.01 57
30 to 40 244 69
40 to 50 3.18 90
Fine Aggregates:
Single-Operator Otd 0.14 04
Precision 3to 10 043 12
10 to 20 0.60 17
20 to 30 0.64 18
30 to 40 on 20
40 to 50 o .
Multilaboratory 0tod 0.21 06
Precision 31010 057 16
1010 20 0.95 27
2010 30 1.24 s
30 to 40 1.41 40
4010 50

“ These numbers represent, respectively, the (1S) and (D2S) limts as descnbed in Practice C 670.

8 These numbers represent, respectively, the (1S %) and (D2S %) mits as descnbed in Practce C 670.

€ The precision estmates are based on coarse aggregates with nommnal maximum size of 19.0 mm (% in.).

° These vaiues are from precision ndices first nciuded m Method C 136 -~ 77. Other mndices were developed in 1982 from more recent AASHTO Matenals Reference
<aboratory sampie data. which dhd not provide sutficient information to revise the vaiues so noted.

The American Society for Testing and Materials takes no POSITION respecting the validity of any patent rights asserted in connection
with any tem mentioned in this standard. Users of this standard are expressly advised that aetermination of the vandity of any such
patent rights. and the risk of infringement of such rignts, are entirely their own responsiiltty.

This stancard s subject 1o revision at any time by the responsibie technical committee and must be reviewed every five years and
if not revised. erther respproved or withdrawn. Your comments are invited either for revision of this d or for itronal as
andg shouid be addressed to ASTM Heeo ters. Your will receive careful ation ot & g of the respor
technical committee. which you may attend. If you fee! that your comments have not receved a lair hearing you should make your
views known o the ASTM Committes on Stancargs, 1916 Race St., Phiaceiphia, PA 19103,

79
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ASTM STANDARD D 422-63, STANDARD METHOD
FOR PARTICLE-SIZE ANALYSIS OF SOILS

45]}’ Designation: D 422 - 63 (Reapproved 1972)¢"

Standard Method for

Particle-Size Analysis of Soils’

This standard is issued under the fixed d D 422 the

onginal adoption or. 1n the case of revision, the year of last revision. A b

ly following the designauon indicates the vear of
in ind the year of last reapproval. A

superscnpt epsiion (¢) indicates an editonal change sunce the last revision or reapprovai.

¢ NoTE—Section 1 was added editonally and sub:

secuons r

bered n July (984.

1. Scope
1.1 This method covers the quantitative determination of
the distribution of particle sizes in soils. The distribution of
particle sizes larger than 75 um (retained on the No. 200
sieve) is determined by sieving, while the distribution of
icle sizes smaller than 75 um is determined by a
sedimentation process, using a hydrometer to secure the
necessary data (Notes | and 2).

NOTE 1—Separation may be made on the No. 4 (4.75-mm), No. 40
(425-44m), or No. 200 (75-um) sieve instead of the No. 10. For whatever
seve used, the size shall be indicated in the report.

Note 2—Two types of dispersion devices are provided: (/) a
nigh-speed mechanicai stirrer, and (2) air dispersion. Extensive invesu-
gations indicate that air-dispersion devices produce a more positive
dispersion of plastic soils below the 20-um size and appreciably less
degradation on all sizes when used with sandy soils. Because of the
definite advantages favoring air dispersion, its use is recommended. The
results from the two types of devices differ in magnitude, depending
upon soil type, leading to marked differences in particle size distnbu-
uon, especially for sizes finer than 20 pm.

2. Referenced Documents

2.1 ASTM Standards:

D421 Practice for Dry Preparation of Soil Sampies for
Particle-Size Analysis and Determination of Soil
Constants?

E 11 Specification for Wire-Cloth Sieves for Testing
Purposes®

E 100 Specification for ASTM Hydrometers*

3. Apparatus

3.1 Balances—A balance sensitive to 0.01 g for weighing
the material passing a2 No. 10 (2.00-mm) sieve, and a balance
sensitive to 0.1 % of the mass of the sample to be weighed for
weighing the material retained on a No. 10 sieve.

3.2 Stirring Apparatus—Either apparatus A or B may be
used.

D422 -62.
? Annual Book of ASTM Standards, Vot 04.08.
* Annual Book of ASTM Standards, Vol 14.02.
¢ Annual Book of ASTM Standards, Vol 14.03.

91

3.2.1 Apparatus A shall consist of a mechanically oper-
ated stirning device in which a suitably mounted electric
motor turns a vertical shaft at a speed of not less than 10 000
rpm without load. The shaft shall be equipped with a
replaceable stirring paddle made of metal. plastic. or hard
rubber, as shown in Fig. 1. The shaft shall be of such length
that the stimng paddle will operate not less than % in. (19.0
mm) nor more than 1Y% in. (38.1 mm) above the bottom of
the dispersion cup. A special dispersion cup conforming to
either of the designs shown in Fig. 2 shall be provided to hold
the sample while it is being dispersed.

3.2.2 Apparatus B shall consist of an air-jet dispersion
cup® (Note 3) conforming to the general details shown in Fig.
3 (Notes 4 and 5).

Note 3—~The amount of air required by an air-jet dispersion cup is
of the order of 2 ft*/min; some small air compressors are not capabie of
supplying sufficient air to operate a cup.

NOTE 4—-Another air-type dispersion device, known as a dispersion
tube, developed by Chu and Davidson at lowa State College, has been
shown to give results equivalent to those secured by the air-jet dispersion
cups. When it is used. soaking of the sample can be done in the
sedimentation cylinder, thus eliminating the need for transferring the
slurry. When the air-dispersion tube is used, it shall be so indicated in
the report.

NoTte S—Water may condense in air lines when not in use. This
water must be removed, either by using a water trap on the air line, or by
biowing the water out of the line before using any of the air for
dispersion purposes.

3.3 Hydrometer—An ASTM hydrometer, graduated to
read in either specific gravity of the suspension or grams per
litre of suspension, and conforming to the requirements for
hydrometers 151H or 152H in Specifications E 100. Dimen-
sions of both hydrometers are the same, the scale being the
only item of difference.

3.4 Sedimemation Cylinder—A glass cylinder essentially
18 in. (457 mm) in height and 2% in. (63.5 mm) in diameter,
and marked for a volume of 1000 mL. The inside diameter
shall be such that the 1000-mL mark is 36 + 2 cm from the
bottom on the inside.

3.5 Thermometer—A thermometer accurate to
(0.5°C).

3.6 Sieves—A series of sieves, of square-mesh woven-wire
cloth, conforming to the requirements of Specification E 11.
A full set of sieves includes the following (Note 6):

I°F

3 Detailed working drawings for this cup are available at s oominal cost from
the American Society for Testing and Materials, 1916 Race St., Philadeiphia. PA
19103. Order Adjunct No. 12-404220-00.

August 26, 1991
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e

[No. 18 8W Gao = 0.049"

Punch B
0.203" to.00!
{0} {b)
Metric Equivaients
n. 0.001 0.049 0.203 a2 Ve
mm 0.03 1.24 5.16 127 19.0
FIG. 1 Detail of Stirring Paddies
3. (75-mm) No. 10 (2.00-mm) .
240 (50-mm) No. 20 {850-um) re——J 5" dlhiom ———
1%:-1n. (37.5-mm) No. 40 (425-um)
.. (25.0-mm) No. 60 (250-um)
S4ein. (19.0-mm) No. 140 (106-um)
Y. (9.5-mm) No. 200 (75-um)

No. 4 (4.75-mm)

NOTE 6—A set of sieves giving uniform spacing of points for the
graph. as required 1n Section 17, may be used if desired. This set consists
of the following sieves:

3.0, (75-mm) No. 16 (1.18-mm)

1. €37.5-mm) No. 30 (600-um)
Ya-in. (19.0-mm) No. 50 (300-um)
g0 {9.5-mm) No. (00 (150-um)
No. 4 (4.75-mm) No. 200 (75-um)

No. 8 (2.36-mm)

3.7 Water Bath or Constant-Temperature Room—A
water bath or constant-temperature room for maintaining
the soil suspension at a constant temperature during the
hvdrometer analysis. A satisfactory water tank is an insulated
tank that maintains the temperature of the suspension at a
convenient constant temperature at or near 68°F (20°C).
Such a device is illustrated in Fig. 4. In cases where the work
is performed in a room at an automatically controlled
constant temperature, the water bath is not necessary.

3.8 Beaker—A beaker of 250-mL capacity.

3.9 Timing Device—A watch or clock with a second
hand.

4. Dispersing Agent

4.1 A solution of sodium hexametaphosphate (sometimes
called sodium metaphosphate) shall be used in distilled or
demineralized water, at the rate of 40 g of sodium
hexametaphosphate/litre of solution (Note 7).

NoTe 7—Solutions of this sait, if acidic. siowly revert or hydrolyze
back to the orthophosphate form with a resultant decrease in dispersive
action. Solutions should be prepared frequently (at least once 2 month)
or adjusted to pH of 8 or 9 by means of sodium carbonate. Bottles
containing solutions should have the date of preparation marked on
them.

42 All water used shall be either distilled or
demineralized water. The water for a hydrometer test shall
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FIG. 2 Dispersion Cups of Apparstus

be brought to the temperature that is expected to prevail
during the hydrometer test. For example, if the sedimenta-
tion cylinder is to be piaced in the water bath. the distilled or
demineralized water to be used shall be brought to the
temperature of the controlled water bath: or, if the sedimen-
tation cylinder is used in a room with controlied tempera-
ture. the water for the test shall be at the temperature of the
room. The basic temperature for the hydrometer test is 68°F
(20°C). Small variations of temperature do not introduce
differences that are of practical significance and do not
prevent the use of corrections derived as prescribed.

92
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5. Test Sample = T —————-_—————---< - it
5.1 Prepare the test sample for mechanical analysis as ! 7 T T
outlined in Practice D 42]1. Duning the preparation proce- - ) ‘@ Lhou
dure the sample is divided into two portions. One portion n RSy
contains only particles retained on the No. 10 (2.00-mm) ] =¥
sieve while the other portion contains only particles passing e ——— vt IS
the No. 10 sieve. The mass of air-dried soil selected for o g*epm e e o e m e - S i edteleleliindet i -3
purpose of tests. as prescribed in Practice D421, shall be 2 AN rzedt S Mm/_[_l-'______‘ ™
sufficient to vield quantities for mechanicai analysis as j ___F _______ Goha o Cw""*mg-“"ir - J»----. ) \“
follows: - L 2 Cork Insulakion ; 13
. . . . ==y moenaane g LOrk insui@non - - -« r=—t -=--- -> )
5.1.1 The size of the portion retained on the No. 10 sieve § ¥ I 1 <
shall depend on the maximum size of particle, according to 3 Lo, Sross Plo C : g
1 . ’ ! ~ ~gross Fiate i’
the following schedule: Wl LTS J_ ‘,
Nominal Diameter of < \
Largest Particles, Approximate Mimmum = - as =
n. (mm) Mass of Poruon. g
Y4 (9.5) 500 Metric Equivaients
)‘ B
e e TSR
12 (38.4) 3000 mm 222 254 76.2 158.2 358 940
2 (508 4000
T e 5000 FIG. 4 Insulated Water Bath

5.1.2 The size of the portion passing the No. 10 sieve shall
be approximately 115 g for sandy soils and approximately 65
g for silt and clay soils.

5.2 Provision is made in Section § of Practice D 421 for
weighing of the air-dry soil selected for purpose of tests, the
separation of the soil on the No. 10 sieve by dry-sieving and
washing, and the weighing of the washed and dried fraction
retained on the No. 10 sieve. From these two masses the
percentages retained and passing the No. 10 sieve can be
calcutated in accordance with 12.1.

NoTE 8—A check on the mass values and the thoroughness of
pulverization of the clods may be secured by weighing the portion

passing the No. 10 sieve and adding this vaiue to the mass of the washed
and oven-dried portion retained on the No. 10 sieve.

SIEVE ANALYSIS OF PORTION RETAINED ON NO. 10
(2.00-mm) SIEVE

6. Procedure

6.1 Separate the portion retained on the No. 10 (2.00-
mm) sieve into a series of fractions using the 3-in. (75-mm),

93

2-in. (50-mm), l%-in. (37.5-mm), l-in. (25.0-mm), %-in.
(19.0-mm). %-in. (9.5-mm). No. 4 (4.75-mm), and No. 10
sieves, or as many as may be needed depending on the
sample, or upon the specifications for the material under
test.

6.2 Conduct the sieving operation by means of a lateral
and vertical motion of the sieve. accompanied by a jarring
action in order to keep the sampie moving continuously over
the surface of the sieve. In no case turn or manipuiate
fragments in the sample through the sieve by hand. Continue
sieving until not more than | mass % of the residue on a
sieve passes that sieve during | min of sieving. When
mechanical sieving is used. test the thoroughness of sieving
by using the hand method of sieving as descnbed above.

6.3 Determine the mass of each fraction on a balance
conforming to the requirements of 3.1. At the end of
weighing, the sum of the masses retained on all the sieves
used should equal closely the original mass of the quantity
sieved.
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HYDROMETER AND SIEVE ANALYSIS OF PORTION
PASSING THE NO. 10 (2.00-mm) SIEVE

7. Determination of Composite Correction for Hydrometer
Reading

7.1 Equations for percentages of soil remaining in suspen-
sion. as given in 14.3, are based on the use of distilled or
demineralized water. A dispersing agent is used in the water,
however, and the specific gravity of the resulting liquid is
appreciably greater than that of distilled or deminerahized
water.

7.1.1 Both soil hydrometers are calibrated at 68°F (20°C),
and vanations in temperature from this standard tempera-
ture produce 1naccuracies in the actual hydrometer readings.
The amount of the inaccuracy increases as the varation
from the standard temperature increases.

7.1.2 Hydrometers are graduated by the manufacturer to
be read at the bottom of the meniscus formed by the liquid
on the stem. Since it is not possibie to secure readings of soil
suspensions at the bottom of the meniscus, readings must be
taken at the top and a correction applied.

7.1.3 The net amount of the corrections for the three
items enumerated is designated as the composite correction,
and may be determined experimentally.

7.2 For convenience, a graph or table of composite
corrections for a series of 1° temperature differences for the
range of expected test temperatures may be prepared and
used as needed. Measurement of the composite corrections
may be made at two temperatures spanning the range of
expected test temperatures, and corrections for the interme-
diate temperatures calculated assuming a straight-line rela-
tionship between the two observed values.

7.3 Prepare 1000 mL of liquid composed of distilled or
demineralized water and dispersing agent in the same

9.2 Place the sample in the 250-mL beaker and cover with
125 mL of sodium hexametaphosphate solution (40 g/L).
Stir until the soil is thoroughly wetted. Allow to soak for at
least 16 h.

9.3 At the end of the soaking period, disperse the sample
further, using either stirring apparatus A or B. If stimng
apparatus A is used, transfer the soil - water slurry from the
beaker into the special dispersion cup shown in Fig. 2,
washing any residue from the beaker into the cup with
distilled or demineralized water (Note 9). Add distilled or
demineralized water, if necessary, so that the cup is more
than half full. Stir for a period of 1 min.

NOTE 9—A large size syringe is a convenient device for handling the
water in the washing operation. Other devices include the wash-water
bottle and a hose with nozzle connected 10 a pressunzed distilled water
tank.

9.4 If stirring apparatus B (Fig. 3) is used. remove the
cover cap and connect the cup to a compressed air supply by
means of a rubber hose. A air gage must be on the line
between the cup and the control valve. Open the control
valve so that the gage indicates | psi (7 kPa) pressure (Note
10). Transfer the soil - water slurry from the beaker to the
air-jet dispersion cup by washing with distilled or
demineralized water. Add distilled or demineralized water. if
necessary, so that the total volume in the cup is 250 mL, but
no more.

Note 10—The initial air pressure of | psi is required to prevent the
soil - water mixture from entenng the air-jet chamber when the mxture
is transferred to the dispersion cup.

9.5 Place the cover cap on the cup and open the air
control valve until the gage pressure is 20 psi (140 kPa).
Disperse the soil according to the following schedule:

Dnspersion Penod.

proportion as will prevail in the sedimentation (hydrometer) Plasticity Index min
test. Place the liquid in a sedimentation cyclinder and the léﬂdeg 05 (5)
cviinder in the constant-temperature water bath, set for one Over 20 :5

of the two temperatures to be used. When the temperature of
the liquid becomes constant, insert the hydrometer, and.
after a short interval to permit the hydrometer to come to the
temperature of the liquid. read the hydrometer at the top of
the meniscus formed on the stem. For hydrometer 151H the
composite correction is the difference between this reading
and one: for hydrometer 152H it is the difference between
the reading and zero. Bring the liquid and the hvdrometer to
the other temperature to be used, and secure the composite
correction as before.

8. Hygroscopic Moisture

8.1 When the sample is weighed for the hydrometer test,
weigh out an auxiliary portion of from 10 to 15 g tn a small
metal or glass container, dry the sampie to a constant mass in
an oven at 230 £ 9°F (110 % 5°C), and weigh again. Record
the masses.

9. Dispersion of Soil Sample

9.1 When the soil is mostly of the clay and silt sizes, weigh
out a sample of air-dry soil of approximately 50 g. When the
soil is mostly sand the sample should be approximateiy 100
g

94

Soils containing large percentages of mica need be dispersed
for only 1 min. After the dispersion period. reduce the gage
pressure to | psi preparatory to transfer of soil - water slurn
to the sedimentation cylinder.

10. Hydrometer Test

10.1 Immediately after dispersion. transfer the soil - water
slurry to the glass sedimentation cylinder, and add distilled
or demineralized water until the total volume i1s 1000 mL.

10.2 Using the palm of the hand over the open end of the
cylinder (or a rubber stopper in the open end). tumm the
cylinder upside down and back for a pertod of | min to
complete the agitation of the slurry (Note 11). At the end of
1 min set the cylinder in a convenient location and take
hydrometer readings at the following intervals of time
{measured from the beginning of sedimentation), or as man}
as may be needed. depending on the sample or the specifica-
tion for the material under test: 2, 5, 15, 30, 60, 250, and
1440 min. If the controlled water bath is used. the sedimen-
tation cylinder should be piaced in the bath between the -
and 5-min readings.

NoOTE 11—The number of turns during this minute should b
approximately 60, counting the turm upside down and back as two tums
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any soil remaining in the bottom of the cylinder during the first few
wms should be loosened by vigorous shaking of the cylinder while it is
in the 1nverted position.

TABLE 1 Vailues of Correction Factor, a, for Ditferent Specific
Gravities of Soll Particies*

Spectfic Gravity Correcton Factor*

10.3 When it is desired to take a hydrometer reading, 295 0.94
arefully insert the hydrometer about 20 10 25 s before the gg 095
reading is due to approximately the depth it will have when 280 3;3‘;
the reading 1s taken. As soon as the reading is taken, carefuily 275 0.98
remove the hydrometer and place it with a spinning motion 270 099
P . . 285 1.00

in a graduate of clean distilled or demineralized water. 260 101
NoTe 12—1It is important to remove the hydrometer immediately g:g :'gg
after each reading. Readings shall be taken at the top of the meniscus 245 108

‘ormed by the suspension around the stem. since it is not possibie to
secure readings at the bottom of the meniscus.

10.4 After each reading, take the temperature of the
suspension by inserting the thermometer into the suspen-
sion.

11. Sieve Analysis

11.1 After taking the final hydrometer reading, transfer
the suspension to a No. 200 (75-um) sieve and wash with tap
water until the wash water is clear. Transfer the material on
the No. 200 sieve to a suitable container, dry in an oven at
130 £ 9°F (110 + 5°C) and make a sieve analysis of the
portion retained. using as many sieves as desired. or required
for the matenial, or upon the specification of the material
under test.

CALCULATIONS AND REPORT

12. Sieve Analysis Values for the Portion Coarser than the
No. 10 (2.00-mm) Sieve

‘Famnmwfamdwﬂmnwmionuw\g
Hyarometer 152H.

14.2 Calculate the mass of a total sample represented by
the mass of soil used in the hydrometer test, by dividing the
oven-dry mass used by the percentage passing the No. 10
(2.00-mm) sieve, and multiplying the result by 100. This
value is the weight W in the equation for percentage
remaining in suspension.

14.3 The percentage of soil remaining in suspension at the
level at which the hydrometer is measuring the density of the
suspension may be calculated as follows (Note 13): For
hydrometer i51H:

P = [(100 000/W) x GHG ~ G )R = G,)

Note 13—The bracketed portion of the equation for hydrometer
151 H is constant for a senes of readings and may be caiculated first and
then multiplied by the portion in the parentheses.

For hydrometer 152H:
P = (Ra/W) x 100

N . . where:

1.1 Calculate the percentage passing the No. 10 sieve by a = correction faction to be applied to the reading of
dividing the mass passing the No. 10 sieve by the mass of soil hydrometer 152H. (Values shown on the scale are
onginally split on the No. 10 sieve, and multiplying the resuit computed using a 'speciﬁc gravity of 2.65. Correction
b 100. To obtain the mass passing the No. 10 sieve, subtract factors are given in Table 1), e
[hel :n;assTretamed on the No. 10 slev: frqlm thepngmal:nasi P = percentage of soil remaining in suspension at the level
v o secure the total mass of soil passing the No. at which the hydrometer measures the density of the

*75-mm) sieve. add to the mass of the matenal passing the suspension

No. 10 sieve the mass of the fraction passing the No. 4 sieve R = hydromete;' reading with composite correction ap-
and retained on the No. 10 sieve. To secure the total mass of plied (Section 7)

%l passing the %-in. (9.5-mm) sieve, add to the total massof g, _ oven-dry mass of soil in a total test sample repre.
%1l passing the No. 4 sieve, the mass of the fraction passing sented by mass of soil dispersed (see 14.2), g,

"¢ %4.in. sieve and retained on the No. 4 sieve. For the  _ specific gravity of the soil particles, and

:T:;Z;ng sieves, continue the calculations in the same G . ghecific gravity of the liquid in which soil particles are

12.3 To determine the total percentage passing for each
sieve, divide the total mass passing (see 12.2) by the total
Mass of sample and mulitiply the result by 100.

1. Hygroscopic Moisture Correction Factor

13.1 The hydroscopic moisture correction factor is the
"o between the mass of the oven-dried sampie and the
drdry mass before drying. It 1s a number less than one,
®xcept when there is no hygroscopic moisture.

14, Percentages of Soil in Suspension
h"“-l Calculate the oven-dry mass of soil used in the
;‘dfometer analysis by multiplying the air-dry mass by the
*8roscopic moisture correction factor.

935

suspended. Use numerical value of one in both
instances in the equation. In the first instance any
possible vanation produces no significant effect, and
in the second instance, the composite correction for R
is based on a value of one for G,.

15. Diameter of Soil Particles

15.1 The diameter of a particle corresponding to the
percentage indicated by a given hydrometer reading shall be
calculated according to Stokes’ law (Note 14), on the basis
that a particle of this diameter was at the surface of the
suspension at the beginning of sedimentation and had settled
to the level at which the hydrometer is measuring the density
of the suspension. According to Stokes’ law:

D = v[30n/980(G ~ G,)] X L/T

.
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where: TABLE 2 Vaiues of Effective Depth Based on Hydrometer and

D = diameter of particle, mm, Sedimentation Cylinder of Specified Sizes*
n = coefficient of viscosity of the suspending medium (in Hydrometer 151H Hydrometer 152M
this case water) in poises (varies with changes in Actusl Effective Actusl  Effective  Actual  Effecuve
temperature of the suspending medium), Hycrometer  Degpth, Hydrometer Depth, Hyorometer  Depth.
L = distance from the surface of the suspension to the Readng L .om Readng L.om Resdng L. om
level at which the density of the suspension is being :%‘1’ :g-g ? ::i: 3 n2
measured. cm. (For a given hydrometer and sedimen- 1 002 158 2 160 gg 109
tation cylinder, va!ues vary accprding to the hydrqm- 1.003 15.5 a 15.8 34 107
eter readings. This distance is known as effective 1.004 152 4 158 k3 106
depth (Table 2)). 1.008 15.0 5 155
T = interval of time from. beginping of sedimentation to 1.008 147 6 15.3 % 104
the taking of the reading, min, 1.007 144 7 15.2 37 10.2
G = specific gravity of soil particles. and :g :;g g :f-g g ‘909‘
G, = specific gravity (relative density) of suspending me- 1010 137 10 147 © 97
dium (value may be used as 1.000 for ali practical
PUrposes). forz 13 vt
NOTE !4—Since Stokes’ law considers the terminal velocity of a :g:i 129 13 142 43 92
single sphere falling in an infinity of liquid, the sizes caiculated represent 1015 :gg :; :;g :; : ;
the diameter of spheres that would fall a1 the same rate as the soil ‘ ' ' :
particles. 1.018 12.1 18 137 4 88
. . . . 1.017 18 17 138 a7 86
15.2 For convenience in calculations the above equation 1.018 115 18 133 prs 84
may be written as follows: 1.019 1.3 19 13.2 49 83
_ 1.020 1.0 20 13.0 50 8.1
D=KvL/T
where: | @ n o s n
K= constant dcpendn_ng on lhe temperature of_ the suspen- 1.023 10.2 23 125 53 76
sion and the specific gravity of the soil particles. Values 1.024 100 24 12.4 54 74
of K for a range of temperatures and specific gravities 1.025 97 2 122 55 73
are given in Table 3. The value of K does not change for 1.026 94 2% 120 56 71
a senes of readings constituting a test, while values of L 1.027 9.2 27 19 57 70
and T do vary. 1.028 89 28 117 58 6.8
15.3 Values of D may be computed with sufficient accu- s 2e 2 ne > e
racy. using an ordinary 10-in. slide rule.
1.031 8.1
NOTE {5—The value of L is divided by T using the 4- and B-scales, 1.032 78
the square root being indicated on the D-scale. Without ascertaining the 1.033 78
value of the square root it may be muitiplied by X, using either the C- or 1.034 73
Cl-scale. 1.035 7.0
1. 68
1.037 65
. . . 1.038 6.2
16. Sieve Analysis Values for Portion Finer than No. 10 -
(2.00-mm) Sieve Vaiuss of effective depth are caicuisted from the equaton:

16.1 Calculation of percentages passing the various sieves L=ly+ ity - Vel

used in sieving the portion of the sampie from the hydrom- :‘“’:?
eter test involves several steps. The first Step is 10 CAICUIAIE | 2 vance e i stam of the hycrometer from the top of the bulb to ¥
the mass of the fraction that would have been retained on the mark for @ hydrometer reading, cm.
No. 10 sieve had it not been removed. This mass is equal to tz : m:vm of the mb: cm,
the total percentage r_etaxn9d on the No. 10 sieve (100 minus A - Mm""“'“""'d seciTentaton cysnder. om?
total percentage passing) times the mass of the total sample Values used 1 caicuiating the vailuss n Tabie 2 are as folows:
represented by the mass of soil used (as calculated in 14.2),  For both hyarometers, 151H and 152M:
and the result divided by 100. - ;;'g:"“,
16.2 Calculate next the total mass passing the No. 200  ,* _ ;7acm?
sieve. Add together the fractional masses retained on all the For fyarometer 151H:
sieves, including the No. 10 sieve, and subtract this sum from & = 10.5 cm for a resding of 1.000
the mass of the total sample (as calculated in 14.2). For m’ﬂ;{:“" of1on
16.3 Calculate next the total masses passing each of the ., = 10.5 cm for a reading of 0 gpitre
" other sieves, in a2 manner similar to that given in 2.2, = 2.3 cm for & reading of 50 gfitre
16.4 Calculate last the total percentages passing by di-
viding the total mass passing (as qulculated in 16.3) by the  17. Graph
:23'"":;5] ggsample (as calculated in 14.2), and multiply the 17.1 When the hydrometer analysis is performed, a grap"

96
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TABLE 3 Vaiues of K for Use in Equation for Computing Diameter of Particie in Hydrometer Analysis

Specrfic Gravity ot Soil Particies

Temperature.

C 245 250 255 280 2.85 270 27s 280 285

18 0.01510 0.01508 0.01481 0.01457 0.01438 0.01414 0.01394 001374 0.01358
17 0.0151 0.01486 0.01482 0.01439 0.01417 0.01396 0.01378 001356 001338
18 0.01492 0.01487 0.01443 0.01421 0.01399 0.01378 0.01359 0.01339 001321
19 0.01474 0.01449 0.01425 0.01403 0.01382 0.01361 0.01342 0.1323 0.01308
20 0.01458 0.01431 0.01408 0.01388 0.01365 0.01344 0.01325 0.01307 0.01289
2 0.01438 0.01414 0.01391 0.01369 0.01348 0.01328 0.01309 0.01291 001273
22 0.01421 0.01397 0.01374 0.01353 0.01332 0.01312 0.01294 0.01278 0.01258
23 0.01404 0.01381 0.01358 0.01337 0.01317 0.01297 0.01279 0.01281 001243
24 0.01388 0.01385 0.01342 0.01321 0.01301 0.01282 0.01264 0.01248 001229
25 0.01372 0.01349 0.01327 0.01308 0.012868 0.01267 0.01249 0.01232 0.01215
26 0.01387 0.01334 0.01312 0.01291 0.01272 0.01253 0.01235 001218 0.01201
7 0.01342 0.01319 0.01297 0.01277 0.01258 0.01239 0.01221 0.01204 0.01188
28 0.01327 0.01304 0.01283 0.01284 0.01244 0.01255 0.01208 0.01191 0.01175
2 0.01312 0.01290 0.01289 0.01249 0.01230 0.01212 0.01198 0.01178 0.01162
30 001298 0.01278 0.01256 0.01236 0.01217 0.01199 0.01182 0.01188 001149

of the test results shall be made, plotting the diameters of the
particles on a logarithmic scale as the abscissa and the
percentages smaller than the corresponding diameters to an
arithmetic scale as the ordinate. When the hydrometer

almost entirely of particies passing the No. 4 (4.75-mm)
sieve, the results read from the graph may be reported as
follows:

b X . - (1) Gravel, passing 3-in. and retained oo No. 4 sieve £
analysis is not made on a portion of the soil. the preparation (2) Sand. passing No. 4 sieve and retained on No. 200 sieve %
of the graph is optional, since values may be secured directly (@ S‘:’; :::- passing No. 4 uieve and retuned on %
from tabulated data. (4) Medium sand. passing No. 10 sieve and reuuned on %

No. 40 sieve
18. Report (c) Fine sand, passing No. 40 sieve and retained on No. %
. S 200 sieve
18.1 The report shail include the following: (3) Silt size. 0,074 to 0.008 mm %
18.1.1 Maximum size of particles, (4) Clay size, smaller than 0.005 mm 7
18.1.2 Percentage passing (or retained on) each sieve, Colloids, smaler than 0.00! mm %

which may be tabulated or presented by plotting on a graph
(Note 16),

18.1.3 Description of sand and gravel particles:

18.1.3.1 Shape—rounded or angular,

18.1.3.2 Hardness—hard and durable, soft. or weathered
and friable,

18.4 For materials for which compliance with definite
specifications is not indicated and when the soil contains
material retained on the No. 4 sieve sufficient to require a
sieve analysis on that portion, the results may be reported as
follows (Note 17):

18.1.4 Specific gravity, if unusually high or low, SIEVE ANALYSIS P
18.1.5 Any difficulty in dispersing the fraction passing the Sieve Size ',,”.::u“"
No. 10 (2.00-mm) sieve, indicating any change in type and 3in
amount of dispersing agent, and 2in.
18.1.6 The dispersion device used and the length of the 14-in.
dispersion period. 'l/.::;
Note 16—This tabulation of graph represents the gradation of the Hin.
sample tested. If particles larger than those contained in the sample were No. 4 (4.75-mm)
removed before testing, the report shall so state giving the amount and :g' :g :i?s‘)'&“)"
maNmUm Size. No. 200 (75-um)
HYDROMETER ANALYSIS

18.2 For materials tested for compliance with definite

specifications, the fractions called for in such specifications  0.074 mm
shall be reported. The fractions smaller than the No. 10 sieve ggf mm

shall be read from the graph.
18.3 For materials for which compliance with definite
specifications is not indicated and when the soil is composed

NoTE 17—No. 8 (2.36-mm) and No. 50 (300-um) sieves may be
substituted for No. 10 and No. 40 sieves.

The American Society for Testing and Materiels takes no position respecting the vaiiaity of any patent rights ssserted in connection
mwmmwmmw.Mdmnmnwwmmdmmdmw
patent rights, and the rigk of infringement of such rights, ere entirely their own reaponeibilty.

This standard is subject to revision at any time by the responsibie technical committes and must be reviewed every five years and
i NOt revised, either reapDIOVed or withdrawn. Your COmments are invited either for revision of this standard or for additions! stenderds
and should De acoressed (o ASTM Heedquarters. Your comments will receive careful consideration at 8 mesting of the responsible
technical committes, which you may attend. If you feel thet your COmments have not rece/ved & fair hearing you shoukd meie your
views known (o the ASTM Committes on Standards, 1916 Race St., Philsdeiphia, PA 19103,
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